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biological approaches to investigate a fusion gene encoded by guinea pigs (genus Cavia) that is 23 partially derived from an EPV. This gene, named enRep-Myo9, encodes a predicted polypeptide 24 gene product comprising a partial myosin9 (Myo9)-like gene fused to a 3' truncated, EPV-25 encoded replicase. We first examined the genomic and phylogenetic characteristics of the EPV 26 locus that encodes the viral portions of enRep-Myo9. We show that this locus, named enRep, is 27 specific to guinea pigs and derives from an ancient representative of the parvoviral genus 28
Dependoparvovirus that integrated into the guinea pig germline 22-35 million years ago. Despite 29 these ancient origins, however, the regions of enRep that are incorporated into the coding 30 DNA from viruses has been 'horizontally transferred' to mammalian genomes during 40 evolution, but the impact of this process on mammalian biology remains poorly understood. The 41
Results

83
Guinea pigs express enRep-Myo9 -a fusion gene partly derived from EPV sequences 84
A predicted fusion gene containing EPV-derived sequences was identified in the guinea 85 pig (Cavia porcellus) via similarity search-based screening of the reference RNA sequence 86 (RefSeq RNA) database [15] . We examined this gene using comparative approaches, revealing it 87 to be comprised of a 3' truncated parvovirus rep gene fused to five exons of a Myo9-like gene 88 encoded by guinea pigs (Accession #: XM_013153010.2) (Fig 1) . Similarity search-based 89 screening of the rodent whole genome sequence (WGS) assemblies revealed that the viral 90 portions of enRep-Myo9 are encoded by an EPV locus specific to the cavies (family Caviidae,), 91 which we named enRep. Cavies are rodents native to South America, and includes guinea pigs, 92 wild cavies, and maras. The presence of the enRep insertion at an orthologous locus in three 93 guinea pig species, as well as the more distantly related Patagonian mara (Dolichotis patagonum) 94 (see Fig S1) demonstrates that it was incorporated into the germline prior to divergence of these 95 species an estimated ~22 million years ago (Mya) [16] [17] [18] . Meanwhile, the absence of enRep in 96 more distantly related rodent species, such as the chinchilla (Chinchilla lanigera) indicates that 97 germline integration probably occurred less than 35 Mya (Fig 1B) . We observed that while most 98 of the enRep locus is highly degraded by mutation (reflecting a long presence in the guinea pig 99 germline), the portions of the Rep reading frame that are incorporated into the coding sequence 100 of the enRep-Myo9 gene are conserved, consistent with purifying selection. 101
Investigation of the enRep locus in silico revealed that it is located within 0.4Kb of the 102 Myo9 gene exons that are incorporated into the enRep-Myo9 gene. We next used polymerase 103 chain reaction (PCR) to amplify; (i) the regions of enRep that are incorporated into the enRep-104 6 DNA (Fig 2A) . The resulting amplicons were sequenced, confirming that the locus is structured 106 as in the published WGS assembly. Since computer program-based predictions of genes, 107 transcripts and splicing sites need to be experimentally validated, we generated and sequenced 108 cDNA to confirm that in vivo expression and splicing of the enRep-Myo9 gene occurs as 109 predicted by in silico approaches. 110
111
The enRep-Myo9 gene is broadly transcribed in vivo 112
We investigated in vivo transcription of enRep-Myo9 using PCR. RNA was isolated from 113 several guinea pig (C. porcellus) tissues and used to generate cDNA. The absence of genomic 114 DNA in cDNA preparations was confirmed prior to performing assays (data not shown). We first 115 demonstrated that cDNA encoding the enRep section of the enRep-Myo9 mRNA is present in all 116 tissues analyzed ( Fig 2B) . Next, we verified that these sequences are expressed as part of a 117 transcript encoding a fusion protein comprised of enRep sequences fused to Myo9 exons as 118 predicted. PCR using a forward primer at the end of enRep, and a reverse primer aligning at the 119 junction of exons 2 and 3 of Myo9 (Fig 2B) , generated amplicons of the expected size in all 120 samples analyzed, confirming that enRep-Myo9 is expressed as a fused transcript. 121
The presence of the full-length coding sequence was confirmed in all analyzed tissues 122 (Fig 2B) : ovary, liver, lung, kidney, spleen, heart and brain by PCR. These last amplicons were 123 sequenced, demonstrating that there are two alternatively spliced forms of enRep-Myo9. The 124 isoforms differ at the junction of Myo9 exons 5 and 6, with the shorter isoform lacking a region 125 spanning ten codons of exon 5 (Fig 2D) . In some tissue samples (e.g. spleen), both isoforms were 126 found to occur. We failed to obtain the untranslated regions of the mature enRep-Myo9 127 transcript, despite several attempts. Thus, we cannot confirm the entire predicted transcript7 sequence, which includes a long 3'UTR and a very short 5'UTR, is expressed. However, our 129 analysis does confirm that the entire coding sequence is expressed. Flag-tag protein was observed when either construct was used ( Fig 3A) and there were not 138 notable differences in mobility between the isoforms. This shows that it is possible to obtain a 139 protein from the coding sequence present at the enRep-Myo9 transcripts. [13], the enREP-Myo9 sequence does not contain nuclear localization signals. We cloned and 151 expressed the Odegus4 element, demonstrating that this transcript can express a protein (Fig 3A) . 152
We compared the localization of Odegus4 to enRep-Myo9S expressed from both constructs and 153 include GFP-Myosin9 from mouse in the analysis. As expected, the protein expressed by 154
Odegus4 is mainly located in the nucleus, while GFP-Myosin9 has cytoplasmic localization, both 155 enREP-Myo9 proteins have cytoplasmic localization and no difference is observed between the 156 isoforms (data not shown). 157 158
Discussion 159
In this study, we investigated the evolution and molecular properties of a guinea pig 160 fusion gene: enRep-Myo9. We show that the viral portions of enRep-Myo9 derive from an EPV 161 (named enRep) that was incorporated into the genome of caviomorph rodents between 6-35 Mya, 162 while the host portions derive from five exons of a myosin 9 (Myo9)-like gene. Furthermore, 163 while most of this EPV sequence is degraded, the portions included in the enRep-Myo9 gene are 164 intact in multiple species of guinea pig (genus Cavia), consistent with evolution under purifying 165 selection. Using PCR, we confirmed that enRep-Myo9 is expressed in vivo (Fig 2B) and show 166 that in some tissues, two splicing forms are present (Fig 2C) . 167
The enRep-Myo9 protein contains two main domains, the N-terminal Rep_N domain 168 (amino acids 4-176) and the C-terminal myosin tail domain (amino acids 58-325). It was not 169 possible to identify a nuclear localization signal (NLS) for the enRep section of the protein, and 170 consistent with this, we observed cytosolic localization for the enRep-Myo9 protein regardless of 171 whether it was tagged at the N-or C-terminus. We compared the localization of enRep-Myo9 172 with another EPV-encoded Rep protein: Odegus4, encoded by a dependoparvoviruses-derived 173 EPV in the degu genome. We previously reported that this EPV is specifically transcribed in9 degu liver [13] . The predicted gene product contains at least two NLS, as it is expected for Rep 175 proteins (which must locate to the nucleus to allow replication of parvoviral DNA). We 176 demonstrate that the Odegus4 protein indeed exhibits nuclear localization. Thus, if both EPV-177 derived (and partially EPV-derived) gene products have functional roles, they are likely to be 178 entirely different. We hypothesize that during the adaptation of enRep to its ancestral host the 179 NLS was lost as part of the adaptation process, allowing it to be co-opted for a still unknow 180 cellular role at the cytoplasm. The observation that enRep-Myo9 is expressed in all analyzed 181 tissues (ovary, liver, lung, kidney, spleen, heart and brain) strongly support the idea that this 182 fusion has an important functional role in guinea pig. that can confirm or discard that enRep-Myo9 is expressed as protein, but our data do not suggest 202 that enRep-Myo9 works as a regulatory RNA: the fact that we were able to amplify the coding 203 sequence from cDNA generated using oligo dT from several tissues is a strong evidence that this 204 is an expressed mRNA. Also, both splicing forms have ORFs. 
Materials and Methods 218
Genome screening in silico 219
Whole genome sequence (WGS) data were obtained from the National Center for 220
Biotechnology Information (NCBI) genomes resource. WGS data of 60 rodent species (Table  221 S1) were screened for parvoviral-like sequences using the database-integrated genome-screening 222 (DIGS) tool [22] . Parvovirus protein sequences were used as "probes" in similarity search-based 223 screens of WGS data. Sequences that produced statistically significant matches to probes were 224 extracted and classified by BLAST-based comparison to a set of virus reference genomes. 225
226
Nucleic acid extractions and PCR 227
Two female individuals of 300g were euthanized by 1-cloro-2,2,2-trifluoroetil 228 difluorometil eter overdose according to the protocol approved by the Bioethical Committee of 229
Facultad de Ciencias de la Vida, Universidad Andres Bello (Acta 010/2016). Genomic DNA was 230
obtained from liver tissue, total RNA was extracted from ovary, lungs, liver, kidney, spleen, 231 heart and brain using RNaesy mini kit (Qiagen). cDNA was synthesized using 500 ng of RNA, 232 oligo dT and SuperScript III First-Strand Synthesis System (Thermo Fisher). 233
To verify the presence of enRep in the genomic DNA, PCR was performed using the 234 primers F1 5'atggtggaattttatgagctg3' and R1 5'cataagccctgcaccacaactg3' with 75ng of gDNA, Myo9 transcript was detected in several guinea pig tissues. Total RNA was isolated, cDNA was 379
